Objective: Neonatal intubation skills are initially taught through the Neonatal Resuscitation Program (NRP) and thereafter complemented by further practical clinical training. The aim of this study is to compare the ability of NRP trained individuals to successfully complete a neonatal intubation.
Introduction
The Royal College of Physicians and Surgeons of Canada stipulates that pediatric residents be competent at neonatal intubation on graduation. Accredited Canadian and US pediatric residency training programs are required to have rotations in newborn nurseries and intensive care units, under the direction of qualified pediatricians. The Royal College of Physician and Surgeons states that these programs must ensure 'full training in the clinical and technical skills associated with the management of normal and special-care newborn infants'. 1 Despite this training requirement, multiple studies have shown that pediatric trainees still have major difficulty managing acute neonatal emergencies, [2] [3] [4] and in particular performing the skill of intubation. [5] [6] [7] In North America, the skill of neonatal intubation is initially taught to all pediatric residents through the Neonatal Resuscitation Program (NRP), a standardized program intended for all health care professionals involved in the care of newborns. Limited additional training is provided by individual residency programs, but curricula are variable.
Although NRP states that a neonatal intubation attempt should last no longer than 20 s to avoid oxygen desaturation and bradycardia of the infant, no specific standards for competency are defined. 8 A gap in the literature exists regarding the competence and level of proficiency of pediatric residents performing the skill of neonatal intubation. To assess the levels of competency, a comparative evaluation of the ability of pediatric residents to successfully complete the skill of neonatal intubation when compared with other trained health care professionals (for example respiratory therapists (RTs), neonatal fellows) is needed.
Objectives
The primary aim of this study was to compare the ability of pediatric residents, neonatal-perinatal medicine subspecialty residents and fellows, and neonatal intensive care unit (NICU) RTs to successfully complete a neonatal intubation. The secondary aims were to compare other characteristics of the intubation attempt (for example intubation time and number of attempts, endotracheal tube (ET) position, and complications of the procedure) across the three professional groups in demographically similar patients.
Methods
A prospective observational study was performed at an inborn level III perinatal center with 34 neonatal intensive care beds and approximately 7500 to 7800 deliveries per year. Neonatal intubations occurring either in the NICU or labor and delivery suite were evaluated during the last 3 months of the 2007 academic year.
The study participants were postgraduate years 1 and 3 core pediatric residents, first and second year neonatal-perinatal medicine subspecialty residents, and fellows and NICU RTs, all with earlier NRP training. It is mandatory for all to attend a 1-day NRP course at the beginning of their training and update this training every 2 years. Pediatric residents complete a total of 5 months in level III NICU rotations during the first 3 years of residency training. Neonatalperinatal medicine subspecialty residents and fellows (subsequently referred to as neonatal fellows) enter subspecialty training after at least 3 years of pediatric residency training, either in Canada, United States, or overseas. At our university, training includes rotations in both inborn and outborn level III sites. Apart from NRP, there is no additional didactic intubation training or structured intubation apprenticeship for either pediatric residents or neonatal fellows. All RTs in the study spend at least 1 year working and assisting with intubation in the NICU before a formal training program of 3 to 4 days of didactic sessions, and a self-learning endotracheal intubation package. Once the didactic training is completed, RTs perform 10 intubations under the direct supervision of a senior advanced practice RT before performing an intubation independently. There is a minimum requirement for four neonatal intubations annually to retain competency. All study participants were up to date in their individual training requirements. There were no specific exclusion criteria for either the intubators or the enrolled infants in the study.
Trained RTs were present for all neonatal intubation attempts. As per our unit policy, trainees were given two attempts to intubate an infant and if unsuccessful or any significant patient deterioration occurred, a more senior colleague intervened to complete the procedure. In this scenario, data were also collected for the second operator attempt. In this study, an intubation attempt was defined as an attempt to pass the ET through the vocal cords. Although it is our unit policy to try to adhere to NRP recommendations of 20 s per attempt, if the baby is clinically stable and the procedure is being performed correctly, the supervisor may permit a longer attempt.
For each intubation, characteristics of the infant, the intubation attempt, and level of training of the intubator were recorded. Infant characteristics included gestational age, chronological age, birth weight, current weight, oxygen requirement, ventilator days, and number of earlier intubations. Intubation characteristics included type of intubation (nasopharyngeal or oropharyngeal), use of premedication, reason for intubation, number of intubation attempts, success or failure of each attempt, reason for failed attempt, duration of each attempt, and position of successfully placed ET. A successful intubation was defined as an ET placed in the airway beyond the vocal cords. The duration of intubation attempts was defined as the time from insertion of the laryngoscope blade into the mouth until its removal. A chest radiograph was performed within 30 min of all intubations to document ET position.
Intubations were evaluated by two senior advanced practice RTs who are certified NRP instructors. A five-point global rating scale (GRS) score of intubation skill was used, with anchors of one being poor and five being excellent. A 13-item binary intubation checklist based on the steps outlined in NRP was developed and validated using the Delphi method ( Table 1) . Reliability of the checklist was assessed by having two evaluators complete the checklist for a subset of intubations and determining the interrater reliability of the checklist scores.
The primary outcome was intubation success, defined as an ET placed in the trachea beyond the vocal cords. Secondary outcomes included other surrogate measures of the skill of intubation, for example duration of the attempt, number of intubation attempts, and both checklist and GRS score.
The study received approval from both the University and Hospital research ethics boards. Parental consent was waived by the research ethics board as no identifying data were collected on the infants and standard of care was not modified in any way.
Descriptive statistics were used to analyze neonatal demographics, intubator characteristics, and details of all intubation attempts including checklist and GRS scores (see Table 1 ). Intergroup comparisons were performed using one-way analysis of variance. The w 2 analysis or Fishers exact test was used for proportions, continuous, and categorical datasets. Interrater reliability was determined by calculating kappa score, whereas correlation between GRS and checklist score was assessed using the Spearman's correlation coefficient. Univariate analysis was performed to identify factors associated with intubation success within 20, 30, 40 s, or anytime.
Results
Fifty neonatal intubations were assessed over a 3-month period in 2007. These were performed by 25 pediatric residents (48%), 13 neonatal fellows (26%), and 12 RTs (24%). The overall success rate, defined as successful intubation by the first operator, was 73%. The remaining 27% of intubations were performed successfully after attempts by a more senior colleague. The likelihood of intubation success was found to increase with duration of the attempt (Figure 1 ). The maximum number of attempts to achieve a successful intubation for any infant was three. A higher proportion of ETs were successfully placed by RTs ((100% success rate), P<0.05) compared with either neonatal fellows (69% success rate) or pediatric residents (63% success rate). We found no significant relationship between premedication usage and successful intubation (P ¼ 0.61). In comparing first vs second and third year fellows, there were no significant differences in intubation success, intubation scores, or global rating scores. This may be due to the small numbers involved (n ¼ 13). It may, however, also be related to the fact that many of our first year fellows are overseas graduates with a significant amount of earlier training and, therefore, year of fellowship may not necessarily equate with experience.
The overall mean time for successful neonatal intubation was 51±28 s, but attempts by pediatric residents and neonatal fellows were longer (P<0.05, Figure 2 ) and received lower GRS (P ¼ 0.01) and checklist scores (P<0.05), when compared with intubations performed by RTs (Figure 3) . Again, we found no significant relationship between premedication usage and time to intubation (<30 s, P ¼ 0.96, <40 s P ¼ 0.99). Checklist scores correlated with GRS scores (Spearman's coefficient 0.68), and checklist interrater reliability was 0.88 (Kappa score). Intubation success rates were significantly lower for all groups when adjudicated according to specific time criteria (for example 20, 30 s) for ET tube placement (Figure 4 ).
There were no differences in characteristics of the neonates intubated by the three professional groups ( Table 2 ). The most common reasons for interruption of an intubation attempt were oxygen desaturation and bradycardia. We identified from the chest Intubation standards and pediatric trainees Z Bismilla et al radiographs that 60% of ETs were not optimally located within the airwayFin 30% of patients, the tip of the tube was deemed too high and in 30%, the tip was in the right main stem bronchus (Table 3) . We were unable to identify any association between characteristics of the infant or intubator and a successful intubation within 20 or 30 s using univariate analysis. We identified four characteristics that were potentially associated with success in under 40 s: chronological age (odds ratio, OR 
Discussion
The ability of pediatric residents and neonatal fellows to perform a successful intubation did not meet NRP standards. Although 73% of intubations were successfully completed by the first intubator, the success rates for residents and fellows were low (63 and 69%, respectively). We have also shown that pediatric residents and neonatal fellows take longer to intubate and receive lower global rating scores and intubation checklist scores when compared with RTs. A much larger study of residents and fellows in the US found similar success rates, quoting rates of 50 to 62% for pediatric residents, and 68% for neonatal fellows. 7 The success rate for pediatric residents has been shown to be even lower (45%) when success was defined as the number of successful intubations divided by the number of attempts. 6 The length of time required by all professionals to perform a successful intubation in our study is concerning. Only 10% of intubations were performed in <20 s, the time frame recommended by NRP. 9 Several observational studies have shown that few successful intubations actually occur in <20 s and suggest 30 s to be a more realistic time limit.
5,10 Lane et al. studied 50 intubations in a similar unit, and identified hemodynamic instability in only 4% of attempts; interestingly, the mean intubation time was 31.9 s and maximum was 48 s. The mean time in our study was longer (51 s) and oxygen desaturation was common, accounting for 38% of failed attempts. The longer intubation times in our cohort may be due to the greater proportion of nasotracheal intubations, which are more technically challenging and may take longer than orotracheal intubations. In the only published study of neonatal nasotracheal intubation, the mean duration for a successful attempt was 50 s, which is comparable with our data. 11 The discordance in intubation scores and overall success rates between physician trainees and RTs is concerning. This may relate to differences in training and opportunities for practice. It is well Intubation standards and pediatric trainees Z Bismilla et al documented that although resuscitation training courses are effective for learning the skill of intubation, retention of knowledge and maintaining proficiency is a problem [12] [13] [14] and requires ongoing exposure to the skills. 6 Although all professionals complete the NRP provider course, only the RTs are mandated to complete a standardized educational program in neonatal airway skills. The superior performance of the RTs reinforces the importance of additional education and repeated exposure to intubations for skill development and maintenance. 15 This superior performance may also be the result of individual motivation to develop and maintain competency based on expectations of proficiency within the profession. For a large number of residents who may not plan to pursue a career in neonatal-perinatal medicine, this same level of commitment may not be present. However, earlier studies have shown that residents performing more intubations over time have greater success rates. 5, 6 The anesthesia literature suggests that at least 40 intubations are required before proficiency is attained. 16, 17 Strategies to enhance skill acquisition and optimize pediatric resident/neonatal fellow exposure to neonatal intubation may include increased time spent in the NICU and enhanced opportunities for intubation, including simulated experience. Human patient simulation is one teaching method adopted by some centers to help provide the necessary practice and exposure for trainees, whereas minimizing risk to patients. However, currently there are no high fidelity neonatal mannequins to adequately simulate intubation in term or premature infants. The technology is limited to task trainers, which are essential to the development of intubation skill.
There are several limitations to our study. This is a small single site pilot study, which may not reflect practices or experiences in other academic neonatal tertiary centers. Although the aim of this study was to collect data on all intubations, which occurred both in the NICU and delivery suite, we do not currently record all intubations, and, therefore, are unable to quantify the total number of intubations, which occurred during this period. It is, therefore, difficult to determine how representative our sample is. Intubations were not randomized between training groups, and our raters were not blinded to the professional designation of the intubator. However, the objective data such as intubation time and ET position are less susceptible to rater bias. Our results are based on real-time observation alone; videotaping the intubation attempt may have allowed further independent rating of the procedure, but these are unanticipated events and ethical approval for that process would be difficult to justify. Although we collected data on the duration of each intubation attempt, we do not have data on the overall time taken to intubate the babies. We know that a number of babies required more than one attempt for successful intubation, and as a result, the overall time taken for the full procedure would be important to consider. Finally, although construct validity of the checklist was evaluated, it is possible that the checklist did not include the right items to fully capture intubation skill, with further scale refinement being necessary. This should not alter the ability to interpret overall success and differences between the professional groups.
Conclusions
In summary, neonatal intubation success rates and the time taken by pediatric residents and neonatal fellows to intubate are concerning. It is incumbent on Canadian physician training programs to develop strategies to enhance learning and optimize exposure to the skill of neonatal intubation, particularly for physicians who may practice in settings in which a limited number of personnel possess this skill. Abbreviation: ET, endotracheal.
Intubation standards and pediatric trainees Z Bismilla et al
